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Tbjective: We sought to delineate the effects of competitive and reverse flow on the
ntermediate-term patency of arterial conduits and examined graft arrangements for
aximizing antegrade bypass flow.
ethods: The angiograms of 2083 bypass grafts in 570 patients who underwent
ff-pump total arterial revascularization without aortic manipulation since Decem-
er 2000 were reviewed. The blood flow in the bypass grafts were graded A
antegrade), B (competitive), C (reverse), or O (occlusion). The mean number of
istal anastomoses was 3.65  0.94 per patient.
esults: In the early angiography 91.3% (1901/2083) of the bypasses were grade A.
hirty (1.4%) bypasses were grade O, whereas 2.9% (61/2083) were grade B, and
.4%(91/2083) were grade C. In the multivariate analysis the end-to-side anasto-
osis (P  .0001), 4 or more distal anastomoses of the conduit (P  .01), native
oronary stenosis of less than 75% (P  .0001), and target branch location of the
ight coronary artery territory (P  .0001) and left circumflex artery territory (P 
02) significantly correlated with grade non-A. The patency rate in the late angio-
raphy of the bypasses graded B or C in the early angiography was 7 (28.0%) of 25,
hereas that of the bypasses graded A was 164 (89.1%) of 184 (P  .0001). The
ctuarial graft patency rate of the bypasses graded A was 72.3% at 3 years and was
ignificantly higher than that of the bypasses graded B or C (28.6% at 3 years after
urgical intervention, P  .0001).
onclusions: The sufficient antegrade bypass flow had a favorable effect on the graft
atency of arterial conduits. The graft arrangement should be adjusted for each
atient so as to maximize the antegrade bypass flow and to confirm the advantage
f arterial grafts.
he use of the in situ internal thoracic artery (ITA) graft to the left anterior
descending artery (LAD) is widely accepted as a standard strategy that
provides long-term patency and improves late survival. The radial artery is
lso useful as a free graft for coronary artery bypass grafting (CABG). For the radial
rtery, the graft patency mostly depended on the severity of the native coronary
tenosis rather than on the proximal anastomotic site1,2 and was equivalent to th
f ITA, even when the target coronary branch was small in diameter or had severe
therosclerosis.3,4
In the bypass conduits having 2 or more distal anastomoses, dominant reversal flow
s not quite rare. Because the bypass grafts with reverse flow do not contribute to the
oronary perfusion in the grafted territory, the efficacy of CABG might be unpromising,
ven when the bypass graft is anatomically patent. In addition, as a consequence of
nappropriate graft flow, graft failure, such as diffuse narrowing or occlusion, can occur
ecause it has been reported that the arterial materials have shown adaptability of their
wn diameter to the circumstances of the blood flow in the graft lumen.5-9
he Journal of Thoracic and Cardiovascular Surgery ● Volume 132, Number 5 1023
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1
A
CDDespite the various graft configurations that have previ-
usly been reported,10-12 the optimal strategy for graft -
angement remains unknown. Because an excellent early
raft patency rate can be highly expected when arterial graft
aterials are exclusively used, the patency rate of the by-
ass grafts might not necessarily be useful for evaluation
nd comparison of the graft arrangements.
The objectives of this study were to delineate the effect
f the graft flow in the sequential and composite arterial
rafts on the late graft patency and to establish the optimal
trategy for the graft arrangement of the arterial conduits for
inimizing competitive and reverse flow.
aterials and Methods
he coronary angiograms of 570 patients who underwent off-
ump coronary revascularization with single or bilateral ITA grafts
nd the radial artery without aortic manipulation between Decem-
er 2000 and June 2005 were reviewed. There were 475 men and
5 women with a mean age of 66.0  9.3 years (Table 1), and 
atients provided written informed consent. These patients were
onsecutive after eliminating those who had a bypass of the
aphenous vein, gastroepiploic artery, or inferior epigastric artery;
nderwent no early postoperative coronary angiography; or had
ypass grafting in an individual fashion only. During the same
Abbreviations and Acronyms
CABG coronary artery bypass grafting
ITA  internal thoracic artery
LAD  left anterior descending artery
LCX  left circumflex artery
RCA  right coronary artery
ABLE 1. Baseline characteristics
o. of patients 570
ge (y) 66.0  9.3
ale/female sex 475/95
ypertension 301 (52.8%)
yperlipidemia 270 (48.9%)
iabetes 218 (38.2%)
eft ventricular end-diastolic volume index
(mL/m2)
86.2  29.7
eft ventricular ejection fraction (%) 47.8  11.9
otal distal anastomoses 2083
istal anastomoses per patient 3.65  0.95
ypass conduits used 830
Individual in situ ITA 151
Individual composite I-graft 28
Composite Y-graft 358
Composite I-graft 173
Composite K-graft 63
In situ ITA sequential 57oTA, Internal thoracic artery.
024 The Journal of Thoracic and Cardiovascular Surgery ● Noveriod, off-pump CABG was performed for 821 patients. Early
oronary angiography was performed for all 570 patients at about
weeks after the operation. The native coronary artery stenosis
nd the graft patency were independently evaluated by cardiolo-
ists. The degrees of stenosis in the precise measurement of the
uminal diameter were graded as 51% to 75%, 76% to 90%, and
1% to 100%. The maximal severity of stenosis was recorded for
ll coronary branches.
The definitions of terms in the present study are as follows. An
n situ ITA graft is an ITA that was divided only at its distal
ortion. A composite graft is a bypass conduit consisting of one in
itu graft and a free graft anastomosed to it (in end-to-end, end-
o-side, or side-to-side fashion). A combination of Y-grafts, K-
rafts, and I-grafts and the individual conduit were used in this
tudy. An individual bypass was defined as a conduit having one
istal anastomosis and one in situ graft. This included an in situ
raft that was extended by a free graft and bypassed to one target
oronary branch. A bypass conduit having one in situ graft and 2
r more distal anastomoses, such as a sequential graft or a com-
osite Y-graft (or K-graft), was defined as nonindividual.
low Grading
he concept of determining grading of the graft flow focused on 2
actors: (1) the function as a blood supply to the ischemic myo-
ardium and (2) the possibility of graft failure in the future 
). A patent graft meant that the graft had a complete contin
he graft lumen in the overall length from the subclavian artery to
he anastomotic site with the coronary branch, irrespective of the
ow direction. When the continuity of the graft lumen from an in
itu ITA graft to the anastomosis with the target coronary branch
as interrupted at any level, it was defined as grade O (occlusion),
hich was regarded as a no-flow situation with closure of the
umen of the bypass graft. Grade A was defined as a situation in
hich antegrade graft flow (ie, from the in situ graft to the target
oronary branch) was found in most of the multiplane ITA an-
iography. Grade B (competitive) was defined as a situation in
hich the target vessel was barely opacified from the ITA graft
njection and the bypass graft was filled by retrograde flow from
he native coronary injection. In the worst of multiplane angiog-
aphy, the contrast medium from the in situ ITA did not surely
each the target branch. Grade C (reverse) was defined as a
ituation in which the distal anastomotic site was not opacified
rom the ITA graft injection at all but was filled clearly by
etrograde flow from the native coronary injection. The difference
etween grades B and C was whether the contrast medium from
he in situ ITA finally reached the target branch in the best frame
ABLE 2. Concept of flow grading system
Grade
A B C O
low direction Antegrade Competitive Reverse No-flow
atency Patent Patent Patent Occluded
unction Functioning Functioning Nonfunction Nonfunction
urability Durable (?) (?) (?) No
, Antegrade; B, competitive; C, reverse; O, occlusion.f multiplane examinations. Grades C and O meant that the bypass
ember 2006
g
g
c
s
c
fl
G
T
m r
a
c
s
t
m
d
a
t
s
p ypas
c
r
h
m
a
a
f
w
b
a
a ft
w
E
T
g
i
m
t
d
c
(
I
Y
t
(
A
W
d
b
o
T
S
T
s
p
M
r
o
e
R
T
T ) of
2
w

.
7
t
.
a
m
c
b
P ble
T
L
S
O
A esce
Nakajima et al Surgery for Acquired Cardiovascular Disease
A
CDraft did not contribute to the increase of coronary perfusion in the
rafted territory. Grade B bypass grafts probably contributed to the
oronary perfusion, but the durability of graft patency was con-
idered uncertain because the retrograde flow from the native
oronary branch was almost comparable with that of grade C. The
ow grade was recorded for each target coronary branch.
raft Selection and Strategy
he details of our standard technique and pharmacologic manage-
ent were reported previously.13 The bilateral ITAs were prefe-
bly used for patients aged less than 75 years with neither severe
hronic obstructive pulmonary disease nor diabetes requiring in-
ulin therapy for improvement of the late outcome.11,14-16 All of
he ITA grafts in the present series had a luminal diameter of 1.5
m or larger. In the side-to-side anastomosis we made a longitu-
inal incision of approximately 6 to 10 mm in the native coronary
rtery and arterial graft to achieve a sufficient luminal size without
urbulence. The angle of placement of the graft was adjusted to
ave the graft length and avoid kinking.
The various configurations of the bypass conduits used in our
atients are listed in Table 1. The arrangement of the b
onduits was determined primarily on the basis of the special
elationship of the target coronary arteries. Since March 2003, we
ave introduced our current strategy. Our current graft arrange-
ent consisted of the left ITA to LAD grafting concomitant with
n I-graft of the right ITA and radial artery to the left circumflex
rtery (LCX) and right coronary artery (RCA) in a sequential
ashion. In addition, we selected appropriate orientation (clock-
ise or counter clockwise) to avoid bypass grafting to a coronary
ranch with 51% to 75% stenosis at the end of the I-graft as much
s possible because the terminal end of the conduit was commonly
ssociated with reverse flow.13,17 Before March 2003, the I-gra
as used only in a counterclockwise orientation for all patients.
arly Angiography of 2083 Coronary Branches
o determine the factors that predicted the grade non-A bypass
rafts in the early angiography, we collected detailed data regard-
ng the target coronary branch, the bypass conduit, and anasto-
otic fashion. The variables in the univariate analysis included the
erritory of the target coronary branch (LAD, LCX, or RCA), the
iameter (1.0, 1.25, 1.5, or 2.0 mm, as determined by the intra-
ABLE 3. Early angiographic results
Characteristics of
coronary branches
No. of
anastomoses
ocation LAD main trunk 574
Diagonal 314
LCX 646
RCA 549
tenosis 51%-75% 957
76%-90% 553
91%-100% 573
verall — 2083
, Antegrade; B, competitive; C, reverse; O, occlusion; LAD, left anterior doronary shunt used), the severity of the native coronary stenosis 4
The Journal of Thoracics
51% to 75% or 76% to 100%), the kind of graft material (in situ
TA, free ITA, or radial artery), the type of conduit (in situ ITA,
-graft, K-graft, or I-graft), the number of distal anastomoses of
he conduit (3 or less, or 4 or more), and the type of anastomoses
end-to-side or side-to-side).
nalysis of Clinical Outcome in 570 Patients
e examined the effects of the bilateral in situ ITA grafts, total
istal anastomotic sites, vessel disease, presence (or absence) of
ypass graft grade non-A in the early angiography, and day of the
peration in the period of our current strategy of graft arrangement.
he mean follow-up period was 22  16 months.
tatistical Analysis
he continuous variables are expressed as the mean values 
tandard deviation. The univariate and multivariate analyses were
erformed by using the logistic regression method. The Kaplan-
eier method was used to determine the actuarial graft patency
ate. Cox regression analysis was used to examine the significance
f the clinical and angiographic variables in predicting the cardiac
vent–free time.
esults
he results of analysis of 2083 anastomoses are shown in
able 3. The overall early patency rate was 2053 (98.6%
083. Sixty-one (2.9%) bypasses were graded B, 91 (4.4%)
ere graded C, and 1901 (91.2%) were graded A.
In the univariate analysis, the end-to-side anastomosis (P
.0001), conduit type (Y-graft, P  .002; K-graft, P 
002; I-graft, P  .02), native coronary stenosis of less than
5% (P .0001), location (RCA territory, P .0001; LCX
erritory, P  .02), and graft material (radial artery, P 
04) were correlated with grade non-A. In the multivariate
nalysis, the end-to-side anastomosis (P  .0001), 4 or
ore distal anastomoses of the conduit (P  .01), native
oronary stenosis of less than 75% (P  .0001), and target
ranch location (RCA territory, P  .0001; LCX territory,
  .02) significantly correlated with grade non-A (Ta
Grade
A (%) B (%) C (%) O (%)
541 (94.3) 17 (3.0) 11 (1.9) 5 (0.9)
296 (94.3) 7 (2.2) 7 (2.2) 4 (1.3)
587 (90.9) 15 (2.3) 35 (5.4) 9 (1.4)
477 (86.9) 22 (4.0) 38 (6.9) 12 (2.2)
815 (85.2) 53 (5.5) 76 (7.9) 13 (1.4)
521 (94.2) 8 (1.4) 15 (2.7) 9 (1.6)
565 (98.6) 0 0 8 (1.4)
1901 (91.3) 61 (2.9) 91 (4.4) 30 (1.4)
nding artery; LCX, left circumflex artery; RCA, right coronary artery.). Neither the type of the conduit nor the graft material
and Cardiovascular Surgery ● Volume 132, Number 5 1025
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1
A
CDnastomosed with the coronary branch correlated with grade
on-A.
ntermediate-term Results
n the follow-up period 10 patients died (cardiac death, 8;
troke, 2). Repeated angiography was carried out for 216
ypass grafts in 61 patients, who had some symptoms,
ABLE 4. Predictors of grade non-A in the early angiogra-
hy
ariables Odds ratio 95% CI P value
nivariate analysis
End-to-side anastomosis 4.51 2.88-7.04 .0001
Distal anastomoses of
conduit 3
1.27 0.92-1.76 .14
Type of conduit,
Y-graft (vs in situ ITA)
2.80 1.44-5.43 .002
Type of conduit,
K-graft (vs in situ ITA)
3.21 1.52-6.78 .002
Type of conduit,
I-graft (vs in situ ITA)
2.30 1.14-4.68 .02
51%-75% stenosis 4.73 3.29-5.80 .0001
Location, RCA territory
(vs LAD territory)
2.51 1.73-3.65 .0001
Location, LCX territory
(vs LAD territory)
1.62 1.10-2.40 .02
Graft material, free ITA
(vs in situ ITA)
0.98 0.29-3.28 .97
Graft material, free RA
(vs in situ ITA)
1.44 1.02-2.03 .04
Diameter of coronary
branch
0.62 0.23-1.69 .35
ultivariate analysis
End-to-side anastomosis 8.18 4.82-13.87 .0001
Distal anastomoses of
conduit 3
1.73 1.17-2.55 .01
Type of conduit,
Y-graft (vs in situ ITA)
1.91 0.91-4.05 .09
Type of conduit,
K-graft (vs in situ ITA)
1.71 0.70-4.17 .24
Type of conduit,
I-graft (vs in situ ITA)
1.77 0.76-4.14 .19
51%-75% stenosis 6.19 4.22-9.09 .0001
Location, RCA territory
(vs LAD territory)
3.49 1.82-6.69 .0002
Location, LCX territory
(vs LAD territory)
3.15 1.71-5.81 .0002
Graft material, free ITA
(vs in situ ITA)
0.60 0.15-2.35 .46
Graft material, free RA
(vs in situ ITA
0.89 0.47-1.72 .73
I, Confidence interval; ITA, internal thoracic artery; RCA, right coronary
rtery; LAD, left anterior descending artery; LCX, left circumflex artery; RA,
adial artery.ncluding angina, or an ischemic region detected by means b
026 The Journal of Thoracic and Cardiovascular Surgery ● Novf electrocardiography or scintigraphy. Thirty-eight patients
nderwent percutaneous coronary intervention. The early
nd late angiographic results of these 216 bypass grafts are
hown in Table 5. The patency rate in the late angiog
f bypasses that were graded B or C in the early angiogra-
hy was 7 (28.0%) of 25, whereas that of bypasses graded
was 164 (89.1%) of 184 (P  .0001).
The actuarial graft patency rates at 3 years were 72.3%
or bypasses graded A and 28.6% for bypasses graded B or
(P  .0001, Figure 1). There was no significant differe
etween grades B and C in the actuarial graft patency rate
P  .20). The multivariate Cox regression analysis dem-
nstrated that the presence of bypass grafts graded non-A (P
.007) was a significant predictor of cardiac events in the
ntermediate-term outcome, and the period (March 2003-
une 2005) was inversely correlated (P  .008; odds ratio,
.32, Table 6).
iscussion
composite graft, which consists of the left ITA and radial
rtery, provided total arterial revascularization with an ex-
ellent graft patency rate and less incidence of late cardiac
vents compared with those seen with conventional
ABG.18,19 Various arrangements of the in situ and 
rterial grafts have already been practiced and reported.10-12
ecause an excellent early patency rate with less incidence
f complications can be highly expected when arterial graft
aterials are exclusively used, the optimal strategy for graft
rrangement remains unknown. For comparison of these
raft arrangements and establishment of the optimal strat-
gy, it is necessary to assess this with criteria more specific
han “patent” or “occluded.”
The angiographic luminal size, which was reported by
itzGibbon and colleagues,20,21 might not be feasible f
valuation of arterial graft arrangements. At first, the lumi-
al size of the anastomotic site is not precisely measurable
n the sequential fashion, especially when the angle of the
raft and coronary branch is near 90° or when the contrast
edium fills only incompletely because of mixture with the
ABLE 5. Early and late angiographic results of 216 bypass
rafts
low grade in early
ngiography
Bypass
grafts
Late angiography
Patent Occluded
Patency rate
(%)
184 164 20 89.1
12 4 8 33.3
13 3 10 23.1
7 0 7 0.0
otal 216 171 45 79.2
, Antegrade; B, competitive; C, reverse; O, occlusion.lood flow from the native coronary artery. Additionally,
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A
CDnadequate surgical maneuvers during the operation can also
trongly affect the luminal size as a result of unsuccessful
nastomosis or graft kinking. Furthermore, regression of the
tenosis and increase or growth of the diameter were rela-
ively common findings in the arterial grafts.22,23 There
ere 2 issues associated with insufficient bypass flow in the
rterial conduits. These might be potential disadvantages of
he strategy with aorta no-touch off-pump CABG using
otally arterial grafts. One issue is the subject of bypass
unction as a blood supply to the myocardial tissue. A
ypass graft presenting reverse flow, which means an ob-
iously dominant native coronary flow, will not increase the
lood supply to the myocardium in the region of the grafted
oronary branch. We previously reported that not only the
everity of the native coronary stenosis but also the inter-
ctions of the target coronary branches, which were con-
ected with a composite Y-graft or sequential anastomoses,
layed a crucial role in the occurrence of reverse flow13,17
ur current graft arrangement was established to avoid
evelopment of graft nonfunction.
The other issue is the thinning or closure of the graft
umen in the postoperative period. If the flow velocity is
xtremely low, even when its direction is antegrade, the
ypass graft might not be durable. Previously, there have
een a few studies of early and late angiographies concern-
ng physiologic characteristics of arterial grafts but only in
mall series.7-9 Hashimoto and associates8 reported serial
hanges of 53 arterial grafts in 38 patients after conven-
ional CABG and demonstrated a significant correlation
etween “the severity of the native coronary stenosis” and
arterial graft thinning” in the early and follow-up
ngiographies.
In the present study it was necessary for us to demon-
trate the effect of the graft flow in the composite and
Figure 1. The actuarial graft patency rate.equential grafts on graft patency and clinical outcomes and a
The Journal of Thoracico rationalize the use of the flow grading system in discuss-
ng an optimal strategy for graft arrangement because there
as no previous report that had been performed to delineate
ignificant correlations between the “bypass flow” in the
arly angiography and the “graft patency” in the follow-up
ngiography after totally arterial off-pump CABG with the
omposite and sequential grafts. Early occlusion caused by
technical problem, which might be the most significant
ias, was eliminated by the early angiography. The
ollow-up period in this study is considered sufficient and
uitable for examining the influence of flow condition on the
raft patency because physiologic changes in the luminal
iameter were found at approximately 14 to 24 months7-9 or
arlier.22,24 The results of our current study demonstra
hat bypass grafts of not only grade C but also grade B were
rone to close the graft lumen within the intermediate term.
herefore the flow grading system could be considered
uitable and useful for discussing the optimal strategy for
raft arrangement of arterial materials.
We found that the significant predictors of grade non-A
ere native stenosis of 75%, 4 or more distal anastomoses
rom a single ITA, RCA and LCX territories, and the end of
he conduit. The implications of these results were as fol-
ows. The sufficient antegrade flow had a favorable effect on
he intermediate-term patency of the arterial grafts. When
e plan the graft configuration, especially for the multiple
oronary branches in the RCA and LCX territories, we have
o be conscious of the anticipated graft flow in the created
ypass conduit. The most important factor in determining
he antegrade flow was the appropriate pressure slope in the
ypass conduit, being highest at the proximal portion of the
onduit and lowest at the distal end. The Y-graft has 2 ends,
ABLE 6. Predictors of cardiac events in 570 patients
ariables Odds ratio 95% CI P value
nivariate analysis
Total distal anastomoses 1.04 0.77-1.40 .82
Period, March
2003June 2005
0.30 0.13-0.70 .005
Bilateral in situ ITA 1.10 0.61-1.97 .76
Presence of grade non-A 1.97 1.12-3.45 .02
Vessel disease 1.02 0.61-1.69 .94
Ejection fraction 40% 1.78 0.95-3.30 .07
Hypertension 0.88 0.50-1.55 .66
Hyperlipidemia 1.01 0.63-1.93 .74
Diabetes 0.93 0.72-1.68 .81
ultivariate analysis
Period, March
2003June 2005
0.32 0.14-0.74 .008
Presence of grade non-A 1.85 1.05-3.24 .007
Ejection fraction 40% 1.84 0.98-3.40 .055
TA, Internal thoracic artery.nd the K-graft has 3 ends, and competitive and reverse flow
and Cardiovascular Surgery ● Volume 132, Number 5 1027
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1
A
CDas commonly found at the end of the conduit anastomosed
ith the moderately stenotic branch. To achieve an adequate
ressure slope for 2 or 3 ends is less easy than for 1 end of
he I-graft. On the other hand, the Y-graft is advantageous in
erms of increased flow capacity25 and availability to distan
arget branches compared with the I-graft. For the diagonal,
CX, and RCA branches, the Y-graft or K-graft might be
referred when all target branches have severe stenosis, the
arget diagonal branch is located at the anteroapical portion,
r remarkable cardiomegaly exists. Therefore we carefully
xamine the indications for the Y-graft and K-graft.
Our current arrangement would be one of the simple and
seful methods that can be adjusted for each coronary
ystem. The risk of the injury during reoperation in the
uture is a possible disadvantage of the I-graft in a clock-
ise orientation. On the contrary, the evident advantage of
he I-graft in clockwise orientation is that the total length of
he I-graft to the LCX and RCA territories could be mini-
ized compared with that in a counterclockwise orienta-
ion. In previous reports the right ITA to the left coronary
rtery, which also crosses the midline like the clockwise
-graft, is a generally accepted and often recommended
rocedure of choice.26 The clockwise I-graft is consider
ustifiable.
Selection of suitable candidates for this procedure would
e a major concern. When graft nonfunction or occlusion at
relatively early period is highly predicted, an alternative
trategy, such as aortocoronary bypass, hybrid therapy with
rug-eluting stent implantation, and conservation of the
rterial graft for the redo operation in the future, might be a
easonable option of choice. In our experience sequential
nastomoses with more than 2 moderately stenotic coronary
ranches were highly associated with flow insufficiency and
ate occlusion. Aortocoronary bypass would be reasonable
ecause it has higher pressure potential than the in situ
TA.27
The present study has several limitations. First, the study
s not randomized. Furthermore, the sample size of the late
ngiography is considered relatively small. The follow-up
ngiography was performed for 10.7% of the patients who
ere biased toward clinically evident graft failure. How-
ver, all 61 patients underwent both early and late angiog-
aphies. Early graft occlusion caused by obviously technical
ailure, which might be the most significant bias, was
liminated.
Second, the quality of the target branch, the amount of
yocardium, peripheral vascular resistance in the myocar-
ial tissue, and flow demands can also have important roles
n the coronary perfusion. However, we do not have reliable
ethods for quantifying each of these factors.
The third limitation is regarding the capacity of the ITA
raft. The margin of the pressure potential of the in situ ITA
ight also play an important role in the occurrence of
028 The Journal of Thoracic and Cardiovascular Surgery ● Novompetitive and reverse flow.28 However, there is no alte-
ative graft material for the ITA graft.
The fourth limitation might be the subject of the repro-
ucibility of the flow grading system. Grades O and C are
elatively easy to designate. Assigning grade B might be
ess so. Grade B probably includes both insufficient graft
ow because of the strength of the native coronary flow and
ecause of poor vascularity with high resistance in the
everely impaired myocardium. Although no bypass graft
ight be required for the latter, we could not separately
redict the insufficient antegrade flow caused by the criti-
ally damaged vasculature. In the present series there was
o anastomotic stenosis, which restricted the blood flow and
aused grade B bypass flow. In spite of these factors, the
ow grade and angiographic data were prospectively col-
ected and significantly correlated with the graft patency and
linical outcome. We therefore believe that the results of
his study at least imply meaningful suggestions for estab-
ishing an optimal strategy for graft arrangement in the
uture.
In conclusion, the flow grading system was considered
easible as a criterion used for evaluation and comparison of
he graft arrangements. Because the sufficient antegrade
ow had a favorable effect on the durable patency of the
rterial grafts, graft arrangement should be adjusted for each
atient’s coronary system to minimize competitive and re-
erse flow and to enhance the advantage of the arterial
aterials.
We thank Dr Yoshiko Kada for her assistance with the statis-
ical analysis.
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